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I. Introduction

This document fulfills electrical documentation requirements set forth
by the Electrical Design Standards for Electronics to be used in Experiment
Apparatus at Fermilab document and EED/Infrastructure Doc. No:H011228A
document published by the PPD/Electrical department.

The LAPD cryogenic test system is currently in the PC4 Underground Hall
at FermiLab. The PC4 hall is classified as ODH class 0 area and has several
large cryogenic and gas components. Cryogens include liquid Argon and Liquid
Nitrogen.

This cryogenic system has approximately 100 electronic input sensing
devices and 25 output devices. Input devices include RTD’s, pressure
transmitters, level transmitters, and thermocouples. Output devices include
solenoid valves, variable speed motor controllers, and heaters.

There is no floor plan provided in this document due to the fact that
all equipment is located in one area of PC4 and is clearly labeled.

All electronic and electrical control system equipment is air cooled
and does not require any forced air cooling or water cooling. Cabinet air
vents are provided for certain devices where appropriate.

The control system equipment components are all commercially available
products which are Ul listed. The cryogenic control system has been designed
and built following all the required rules and standards such as the NEC. All
premises wiring was installed by Fermi Electrical contractors and licensed
electricians.

IT. Cryogenic Control System

a. Description

The LAPD cryogenic system will be controlled by a Siemens S7-400 PLC
with S7-300 associated I/0 modules networked on a Profibus network. This PLC
system will be programmed using the Siemens S7 engineering programming
software.

Human machine Interface controls will be provided through GEFANUC’s
iFIX software. 1FIX connects to the S7-400 through Private Ethernet using an
OPC driver purchased from Kepware. iFIX will handle all operator security,
computer alarming, and remote operator controls via the PPD-iFIX server. iFIX
will also provide historical data through the PPD-iFIX historian. This
historical data will be viewable in iFIX picture displays or on the web
through the 1iFIX proficy portal server //on DO-HIST2/proficyportal machine.

b. Electric Power and Circuit Protection

Sheet 1 of drawing “3942.520.EE-466801 LAPD S7 PLC wiring diagram rev
D” shows the PLC cabinet equipment layout. It also shows the AC and DC power
distribution and circuit protections. All conductors are either copper or
tinned copper grade.

AC Circuit Conductor:

Min of 12 AWG downstream of 20A or less circuit protection
Min of 14 AWG downstream of 15A or less circuit protection
Min of 16 AWG downstream of 10A or less circuit protection

DC circuit Conductor AWG:

Min of 14 AWG downstream of 15A or less circuit protection
Min of 16 AWG downstream of 10A or less circuit protection
Min of 22 AWG downstream of 5A or less circuit protection



H | | | i _ * _ 2 | T A R B R Sl 0 6 6

T

1213 40 LENLETd30 SILTIS ELINN
ANOLTENTT SOMTEXTANT TONOLITM Tz

WW IR S

kT

B | :
: I ol
BE 1) SR ..
w e S e .

[a]s[ufz]#=]=]-]2]

QU %1380 2N ‘aF | 3¢ T2 TE 2000

——— ® W L W R waw oo @ =

TN T 0 T CaF | 3¢ T TE N

g TR B S o

VIR ZETHE I T

A e | |
.

31 20 Y

3 2 [ -

WwiEs |34

Illustration 1




III. Field Devices and Components
a. Heater HTR612A

i. Description
Heater 612A is a commercial 1200 watt Omega in line gas heater. This
heater has an analog power control circuit for variable power control. The
heater has an internal “k” thermocouple which is connected to a limit control
device with an independent power disconnect relay. This limit control device
has a mechanical dial which sets the high temperature trip limit temperature.
This limit control device will protect the heater element from destructive
high heater temperatures caused by equipment malfunctions and operator
errors.
ii. Electric Power and Circuit Protection
Heater 612A is powered by 208VAC 1 phase power. The power is fed from a
premises powered outlet. The heater control box is connected to this outlet
using a standard molded ac cord. The heater control box has internal fuses on
the heater power circuit and the control circuit. The downstream conductors
are sized and rated to meet the minimum current capacity of these fuses. See
illustration 2.

b. Heater HTR634A

i. Description

Heater HTR634A is a commercial 1200 watt Omega in line gas heater. This
heater has an analog power control circuit for variable power control. The
heater has an internal “k” thermocouple which is connected to a limit control
device with an independent power disconnect relay. This limit control device
has a mechanical dial which sets the high temperature trip limit temperature.
This limit control device will protect the heater element from destructive
high heater temperatures caused by equipment malfunctions and operator
errors.

ii. Electric Power and Circuit Protection
Heater HTR634A is powered by 208VAC 1 phase power. The power is fed
from a premises powered outlet. The heater control box is connected to this
outlet using a standard molded ac cord. The heater control box has internal
fuses on the heater power circuit and the control circuit. The downstream
conductors are sized and rated to meet the minimum current capacity of these
fuses. See illustration 2.
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c. Heater HTR1 TANK A (HTR385A-HTR396A)

i. Description
Heater HTR1 TANK A is a network of WatLow Polyimide flexible heaters
attached to the LAr vessel. The network consist of 6 parallel groups of two
series heaters. Each heater is rated for 100 watts, but there are two in
series for an expected power of 50 watts each. This heater has an analog
power control circuit for variable power control. Each group of two heaters
has an RTD sensor between the two heaters which is readout by the S7 PLC
system. All six RTD sensors in this heater network will be monitored and
interlocked by the PLC. Special attention will be paid to these RTD for high
temperature interlocks. This heater control system has a separate power relay
from the analog control circuit which is controlled by the S7 PLC and
functions as a power cutout to the heaters on an interlock.
ii. Electric Power and Circuit Protection
Heater HTR1 TANK A is powered by 208VAC 1 phase power. The power is fed
from a premises powered outlet. The heater control box is connected to this
outlet using a standard molded ac cord. The heater control box has internal
fuses on the heater power circuit and the control circuit. The downstream
conductors are sized and rated to meet the minimum current capacity of these
fuses. See illustration 3.
d. Heater HTRZ_TANK;A(HTR397A-HTR408A)
i. Description
Heater HTR2 TANK A is a network of WatLow Polyimide flexible heaters
attached to the LAr vessel. The network consist of 6 parallel groups of two
series heaters. Each heater is rated for 100 watts, but there are two in
series for an expected power of 50 watts each. This heater has an analog
power control circuit for variable power control. Each group of two heaters
has an RTD sensor between the two heaters which is readout by the S7 PLC
system. All six RTD sensors in this heater network will be monitored and
interlocked by the PLC. Special attention will be paid to these RTD for high
temperature interlocks. This heater control system has a separate power relay
from the analog control circuit which is controlled by the S7 PLC and
functions as a power cutout to the heaters on an interlock.
ii. Electric Power and Circuit Protection
Heater HTR2 TANK A is powered by 208VAC 1 phase power. The power is fed
from a premises powered outlet. The heater control box is connected to this
outlet using a standard molded ac cord. The heater control box has internal
fuses on the heater power circuit and the control circuit. The downstream
conductors are sized and rated to meet the minimum current capacity of these
fuses. See illustration 3.
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e. VFD (Variable Frequency Drive) LAr Pump
i. Description
The VFD is a commercial unit designed to run a standard AC 3 phase
motor at variable speeds given a standard control analog input signal. A
discrete input will direct the VFD to the off or run mode. The S7 PLC will
monitor various Argon system process parameters and provide programmed
interlocks and speed control from the S7 PLC.
ii. Electric Power and Circuit Protection
The VFD is fed from premises power with a fused disconnect within sight
of the VFD and motor. The VFD will be programmed with the motor data. The VFD
has numerous internal motor protection settings which will interlock the
motor power upon a fault.
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f. ODH Control System

i. Description

The ODH system has been upgraded to handle up to four MSA 02 heads. Two
02 heads are currently in service for the LAPD vessel, with another two 02
sensors reserved for the LBNE 35 ton tank area.

The ODH system currently deploys two MSA 02 heads in the PC4 hall,
these two sensors are near the LAr vessel. These sensors are about a foot off
the floor. There are two sets of ODH warning horns and strobe lamps, one set
is located at the PC4 ground level entry and the other set is located in the
PC4 hall near the LAr vessel. There are two ventilation fans that pull air
out of the PC4 hall and vent it outside. These fans are controlled by the S7
PLC and can also be run locally using a switch mounted near the fan unit. The
ODH system is hardwired to both fans such that during an ODH alarm both fans
run.

The 02 Sensors are MSA model A-UltimaX-PL-A-14-03D2-0000-100 and have a
span of 0-25%. Each 02 sensor is wired to an MSA electronic controller which
provides an analog output signal wired to the S7 PLC.This MSA electronic unit
also provides relays which have three 02 level alarms thresholds, 18.5%, 18%,
and 17.5%. The relay output that is set at 18.5% is wired directly to the ODH
warning horns and strobe lamps located in PC4 and FIRUS. The MSA electronic
unit also provides a trouble relay output which is also wired to the PLC and
FIRUS. The trouble output is a wired in a failsafe manner, such that loss of
power or blown fuse to the ODH controls will generate a trouble alarm.

ii. Electric Power and Circuit Protection
The MSA equipment is wired directly to its own self contained control
circuitry in its own enclosure which can be seen in illustration 5. This self
contained enclosure has its own power supply which is independent of the PLC
control system, allowing the ODH system to function independently of the PLC
control system. The power for this ODH system comes from the UPS.



+
g
z
&
5

ane STEIRE
—r—1 b i il
s =] .
e b e e ) =]
= - bt T,
e ] |
- - i [ L = §
_M ..... _Mr L S— ¥ I 3
l ” Rl {H] vaw “wmﬁ
t

g T s

s g}
AN RN RN

[ Pt Il m o e o mes oo @ e e
P = E e i L
4 - -,
ak:is HiEE
~ A - e

I i
H - i b mmra———— H Wt i e
Ly P | e B ig——— S | § Bt |

Illustration 5




h. Electric Vaporizer

i. Description
The electric vaporizer is a commercial heater unit which heats two
phase gas up to about room temperature. It operates on 480VAC 3 phase power.
The temperature controls are self contained and provided by the manufacturer.
ii. Electric Power and Circuit Protection
The electric vaporizer is fed from premises power with a fused
disconnect within sight of the unit.

i. U.P.S

i. Description
The control system U.P.S. is commercial 1.5 kw unit manufactured by
Best power. The U.P.S. input power is fed from a premises powered outlet
using the U.P.S. input line cord.
ii. Electric Power and Circuit Protection
The U.P.S. has standard outlets located on the rear of the cabinet. An
APC surge protector is located on the U.P.S. and its input power cord is
plugged into the U.P.S output outlets. All relevant control system loads are
plugged into the APC surge protector output outlets.

IV. References

a. Drawings
3942.510.ME-444897 LAPD P&ID rev M
3942.520.EE-466801 LAPD S7 PLC wiring diagram rev D
3942 .520.EE-446145 LAPD Regeneration Gas heater wiring rev A
3942.520.EE-486142 LAPD Tank Gas heater wiring rev A
3942.520.EC-486497 LAPD LAr pump wiring rev A
3942.510.EE-489928 LBNE 35 ton ODH control system wiring rev A

b. Documents

Electrical Design Standards for Electronics to be used in Experiment
Apparatus at Fermilab

EED/Infrastructure Doc. No:H011228A




























